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Abstract – The pnictide superconductor SrPtAs has a hexagonal layered structure containing
inversion symmetry. It is formed by stacking two inequivalent PtAs layers separated by Sr layers.
The former have no local (in-plane) inversion symmetry and therefore a (layer-) staggered Rashba
spin orbit coupling appears which splits the three Kramers degenerate bands into six quasi-2D
bands. The symmetry of the superconducting state of SrPtAs is unknown. Three candidates, spin-
singlet A1g and Eg as well as triplet A2u states have been proposed. We predict the quasiparticle
interference (QPI) spectrum for these gap functions in t-matrix Born approximation. We show
that distinct differences in the pattern of characteristic QPI wave vectors appear. These results
may be important to determine the gap symmetry of SrPtAs by STM-QPI method.
Transition metal pnictide superconductors (SC) in par-
ticular the Fe-based systems are all of the tetragonal (or-
thorhombic) structure. The layered Pt-pnictide SrPtAs
[1] is the first superconductor (Tc = 2.4 K) in that class
with hexagonal structure composed of honeycomb Pt-As
layers spaced by Sr layers. It may be viewed as a MgB2
type structure with Mg sites ocuppied by Sr and B sites
in an ordered fashion such that Pt-As alternate in the
2D honeycomb layers as well along the hexagonal c-axis.
The resulting structure has an overall 3D inversion center
whereas the individual layers lack 2D inversion symmetry
which is not contained in the C3v layer point group.
Because the electronic states at the Fermi level are
mostly of Pt(5d) type with strong spin orbit coupling this
leads to a peculiar electronic band structure [2]. Firstly
the two inequivalent Pt-As layers have only small inter-
layer hopping which results in a quasi-2D band structure
consisting of three hole bands and associated Fermi sur-
face (FS) columns. Secondly an effective 2D Rashba spin
orbit coupling term leads to a large splitting of the three
bands which depends on kz in such a way that overall 3D
inversion symmetry is restored.
This has consequences for the possible superconducting
pair states. Due to essentially decoupled layers it is
reasonable to assume only intra-layer pairing. Then
one can expect features as in the non-centrosymmetric
superconductors consisting of a mixture of spin-singlet
and triplet pairing of the in-plane order parameter due to
lack of local 2D inversion symmetry. For the overall 3D
superconducting state even or odd parity classification is
restored due to the two inequivalent Sr-Pt layers. The
momentum dependence of these unconventional pair
states was investigated theoretically by Goryo et al [3]
and it was found that even A1g, Eg and odd A2u states
are viable candidates. However sofar there is only few
experimental evidence to discriminate between them [4].
One of the most powerful recent methods to determine
the symmetry of the gap function is STM quasiparticle
interference (QPI) technique [5]. The Fourier transform
of the differential conductance scans as function of bias
voltage give a fingerprint of the Fermi surface in the nor-
mal state and in addition of the k- dependence of the gap
function in the SC state. It has by now been success-
fully applied to a variety of cuprate [6–12], Fe-pnictides
[13–19], and heavy fermion unconventional superconduc-
tors [20–22]. There are no STM results yet for the hexag-
onal pnictide SC SrPtAs.
p-1
ar
X
iv
:1
40
4.
30
85
v1
  [
co
nd
-m
at.
su
pr
-co
n]
  1
1 A
pr
 20
14
A. Akbari et al.
M
K'
K
HaL
G
q'1
q'2
q'3
q'4
q'5
q'6
2
1
3
L
H'
H
HbL
A
Fig. 1: (Color online) Fermi surface cuts through symmetry
planes kz = 0 (a) and kz = pi/c (b). b=1-3 denotes three pairs
of conduction bands parametrized according to Eq. (3) with
parameter set (tb1, t
b
c, t
b
c2, µb, αb). We use [2] for b = 1: (1.25,
0.1, 0.05, 0.5, 0.4), for b = 2: (1.0, 0.1, 0.05, 2.5, 0.28) and for
b = 3: (-0.48, 0.075, -0.03, 0.6, 0.046). q′i are characteristic
QPI scattering vectors.
Therefore in this work we propose the application of QPI
to investigate the SrPtAs SC gap function. We will com-
pare the predicted QPI spectra for the three main gap
candidates discussed sofar to provide criteria for discrim-
inating among them in future STM experiments.
The one-body Hamiltonian for three SrPtAs hole bands
of mixed As(4p)-Pt(5d) character close to the Fermi en-
ergy derived in Ref. [2] and used in Refs. [3, 23] is given
by
H0 =
∑
k,ll′,s,b
bkll′c
b†
klsc
b
kl′s+
∑
k,l,ss′,b
αbλkl·σss′cb†klscbkls′ , (1)
where c†bkls creates conduction electrons with b = 1, 2, 3
denoting the (hole) band, l, l′ = 1, 2 the inequivalent
PtAs layers and s = ± 12 the (real) spin. Furthermore
bkll′ = ε
b
kll′ − µδll′ (µ= chemical potential) is the Fourier
transformed (l, l′=layer) hopping matrix and αbλkll′ =
αbλ
z
k(−1)(l+1)δll′ zˆ the Rashba-type spin orbit coupling
matrix for the PtAs layers which lack inversion symme-
try. They are given by
ˆbk =
[
εbk − µb εck
ε∗ck ε
b
k − µb
]
, λˆzk =
[
λzk 0
0 −λzk
]
. (2)
The intra-layer hopping is described by εbk and the inter-
layer hybridization by εbck. Here λˆ
z
k has opposite signs
for l = 1, 2 to restore the global inversion symmetry. Its
strength is given by the orbital (band) dependent Rashba
coupling αb. Explicitly [2, 3],
εbk = t
b
1
[
cos kya+ 2 cos
√
3kxa
2
cos
kya
2
]
+ tbc2 cos kzc
|εbck|2 = tb2c cos2
kzc
2
[
3 + 2 cos kya+ 4 cos
√
3kxa
2
cos
kya
2
]
λzk = sin kya− 2 cos
√
3kxa
2
sin
kya
2
.
(3)
The hopping and Rashba parameters for realistic Fermi
surface hole sheets [23] are given in Fig. 1. From H0 the
normal state quasiparticle bands are
Ωbk± = (ε
b
k − µb)±
√
|εbck|2 + α2bλz2k . (4)
The Fermi surface cuts of the six bands (b=1-3,±) which
are twofold Kramers (pseudo-spin) degenerate are shown
in Fig. 1 for the normal state. The difference between
kz = 0, pi/c is due to the effect of interlayer hopping ε
b
ck.
Possible superconducting gap functions were proposed
in Refs. [3, 23–25]. The most likely candidates are the
even singlet A1g and Eg and the odd triplet A1u represen-
tations. Their explicit k- dependence on the six bands is
given by
A1g : ∆
b
k± = ∆
b
0(1 + sbek ± t′bhk)
A2u : ∆
b
k± = ∆
b
0(s˜b + sbek ± hk)
Eg : ∆
b
k± =
∑
s=±
∆b0s(e
s
ks ± t′bhsk)
(5)
where s = ± denotes the time reversed chiral states of Eg
with e±k = ek1± iek2 and h±k = hk1± ihk2 (1,2 correspond
to real and imaginary parts). Here ∆b0 and ∆
b
0s(s = ±) are
gap amplitudes and (sb, s˜b), t
′
b are admixture amplitudes of
singlet and triplet parts. They will be assumed as band (b)
independent in agreement with microscopic considerations
[3]. We restrict the twofold degenerate Eg manifold to
Eg(1, 1) with ∆
b
0s = ∆
b
0. For simplicity we do not consider
the chiral state Eg(1, i) [25] which breaks time reversal
symmetry [26]. Then ∆bk± may be chosen real. This leads
to
Eg(1, 1) : ∆
b
k± = 2∆
b
0(ek1 ± t′bhk1). (6)
The (real) layer gap matrices in spin space (↑, ↓) are then
given by
∆ˆbk1 =
[
0 p∆bk−
−p∆bk+ 0
]
, ∆ˆbk2 =
[
0 ∆bk+
−∆bk− 0
]
,
(7)
with p denoting the gap parity p = 1 for A1g, Eg and
p = −1 for A2u. The form factors in Eqs. (5,6) are defined
by
ek = cos kya+ 2 cos
√
3kxa
2
cos
kya
2
,
hk = sin kya− 2 cos
√
3kxa
2
sin
kya
2
,
(8)
for the nondegenerate (A1g and A2u) case and for twofold
degenerate Eg gap function we have
ek1 = −1
2
ek, hk1 = −1
2
hk,
ek2 =
√
3
2
[cos kya− cos (
√
3kx − ky)a
2
],
hk2 =
√
3
2
[sin kya− sin (
√
3kx − ky)a
2
].
(9)
Due to even (e) and odd (h) form factors the gap elements
in Eqs. (5,7) fulfill the relation ∆−k± = ∆k∓. Therefore
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Fig. 2: (Color online) Node structure of the (a) A1g, (b) A2u
and (c) Eg(1, 1) gap functions ∆
b
k± in Eq. (5) (+ and − cor-
respond to red and blue, respectively). Equal SC quasiparticle
energy (Eq. (14)) surfaces for ω/∆b0 = 0.5 for each of the three
(b = 1−3) gap functions (d-f). The characteristic wave vectors
qi connecting maximum curvature points are indicated. For
the nondegenerate representations ∆bk± are parametrized by
∆0b and two additional parameters, namely for A1g: (sb, t
′
b) =
(−0.51, 0.12) and for A2u: (s˜b, sb) = (0.15,−0.18). For the de-
generate Eg(1, 1) we use t
′
b = 1. The gap amplitude was chosen
as ∆0b = 0.05.
under inversion I(k, 1) = (−k, 2), I(k, 2) = (−k, 1) the
real layer gap matrices in Eq. (7) exhibit the proper even
(p = 1) or odd (p = −1) symmetry ∆ˆbk1 = p∆ˆb−k2 and
∆ˆbk2 = p∆ˆ
b
−k1. The nodal structure of these gap functions
is shown in Fig. (2a-c).
Adding the pairing term to H0 which includes only
intra-band and -layer terms this leads to a BCS model
HSC = H0 +
1
2
∑
klss′b
(∆bss
′
kl c
b†
−klsc
b†
kls′ +H.c.). (10)
It is associated with the (inverse) Green’s function matrix
Gˆ−1 = Gˆ−1A ⊗ Gˆ−1B with Gˆ−1A,B = (iωn−HA,BSC ) . Suppress-
ing the band index (b) for the moment and expressing
HA,BSC in the spinor basis (c
†
k1↑, c−k1↓, c
†
k2↑, c−k2↓) for A
and (c†k1↓, c−k1↑, c
†
k2↓, c−k2↑) for B we have:
Gˆ−1A (k, iωn) =

iωn − ε˜k − αλzk −p∆k− −εck 0
−p∆∗k− iωn + ε˜k + αλzk 0 εck
−ε∗ck 0 iωn − ε˜k + αλzk −∆k+
0 ε∗ck −∆∗k+ iωn + ε˜k − αλzk
 , (11)
where we define ε˜bk = ε
b
k − µb for each band. Then
Gˆ−1B (k, iωn) may be obtained by substituting λ
z
k → −λzk
and ∆k± → −∆k∓ in the above equation. Note that the
model gap functions A1g and A2u of Eq. (5) and Eg(1, 1)
of Eq. (6) are chosen real, i.e., ∆∗k± = ∆k±.
After inversion Gˆ(k, iωn) may be used to calculate the
QPI spectrum Λ˜0(q, iωn) which is proportional to the spa-
tial Fourier transform of the STM differential conductance
[5]. We assume that only a q- independent non-magnetic
impurity scattering Uc is present. For weak scattering
with UcNb(µ) 1 (Nb = DOS of band b) we may restrict
to Born approximation. Even when this is not valid full
t-matrix theory gives very similar results for the q-space
structure of the QPI function [27]. Within Born approx-
imation [28, 29] it is given by Λ˜0(q, iωn) = UcΛ0(q, iωn)
with (summation over b is implied)
Λ0(q, iωn) =
1
2N
∑
k
trστκ
[1 + τ3
2
Gˆkτ3σ0κ0Gˆk−q
]
. (12)
The trace is performed with respect to Nambu spin (τ),
real spin (σ) and layer index (κ) where τ3 is a Pauli
matrix and σ0, κ0 are unit matrices.
First we discuss the purely 2D model for SrPtAs ne-
glecting the dispersion along kz setting ε
b
ck ≡ 0. Then
the Fermi surface cut for each kz is equivalent to that
of Fig. 1b (kz = pi/c) where ε
b
ck ≡ 0 vanishes even for
the 3D case with finite inter-layer hybridization. In the
2D model the Green’s function can be obtained easily
by inverting Eq. (11) due to εbck = 0. To perform the
traces in Eq. (12) it is convenient to transform Gˆ(k, iωn)
to reordered spinor basis (c†k1↑, c
†
k2↑, c
†
k1↓, c
†
k2↓) (τ3 = +1)
and (c−k1↓, c−k2↓, c−k1↑, c−k2↑) (τ3 = −1). Then the QPI
spectrum per spin and layer is obtained from Eq. (12) ex-
plicitly as
Λ0(q, iωn) =
1
2N
∑
kbξ
(iωn + ε˜
b
kξ)(iωn + ε˜
b
k−qξ)−∆bkξ∆b∗k−qξ
[(iωn)2 − E˜2kξ][(iωn)2 − E˜2k−qξ]
,
(13)
where the band-index b has been reintroduced. Further-
more the branches of superconducting Rashba-split quasi-
particle bands are given by (ξ = ±)
E˜b2kξ = ε˜
b2
kξ + |∆kξ|2; ε˜bkξ = ε˜k − ξαbλzk. (14)
Equation (13) may be used for the calculation of the 2D
QPI spectrum provided the model for ∆bk± is specified.
Here we refer to results obtained previously [27, 28] on
QPI in truly non-centrosymmetric superconductors with
p-3
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Fig. 3: (Color online) QPI spectrum (average) in the normal
state for three different frequencies ω using the 2D FS model
with tbc = 0. Characteristic wave vectors q
′
i of the normal state
FS in Fig. 1b are indicated.
global inversion symmetry breaking. It was found there
that generally in the expression for Λ0(q, iωn) additional
Rashba coherence factors of the type 12 [1 + ξξ
′λˆkλˆk′ ]
with unit vector λˆk = λk/|λk| and ξ, ξ′ = ± are present.
However in our present case λk = λ
z
kzˆ has only one
component and the coherence factors are just one or zero
and by a suitable definition of the Rashba split bands
as in Eq.(14) they do not appear explicitly in Eq.(13).
For the same reason the latter also describes the QPI
spectrum for magnetic scattering in Born approximation.
For the numerical calculation we use the general 3D QPI
by including the interlayer hopping and its resulting kz
dispersion. When εck is nonzero the quasiparticle excita-
tion spectrum is obtained by the zeroes of the determinant
Db(k, iωn) = 0 which is given by
Db(k, iωn) =
[
(iωn)
2 − E˜b2k−
][
(iωn)
2 − E˜b2k+
]
+ |εbck|4
− 2|εbck|2
[
(iωn)
2 + (ε˜bk+ε˜
b
k− − p∆bk+∆bk−)
]
.
(15)
The 3D quasiparticle energies Ωbkξ, including the effect of
interlayer hopping εbck with dispersion along kz, are ob-
tained as
Ωb2k± =
1
2
(E˜b2k+ + E˜
b2
k−) + |εbck|2 ±
[1
4
(E˜b2k+ − E˜b2k−)2
+ |εbck|2[(ε˜bk+ + ε˜bk−)2 + (∆bk+ − p∆bk−)2]
] 1
2
.
(16)
Here ε˜bk+ + ε˜
b
k− = 2ε˜
b
k. For ∆
b
k± = 0 we recover the
quasiparticle bands Ωbkξ of the normal state in Eq.(4). Ob-
viously for εck = 0 the Ω
b
kξ reduce to the E˜
b
kξ of Eq. (14).
Then, after the inversion of Eq. (11) and performing the
trace in Eq. (12) we obtain the general 3D QPI function as
Λ0(q, iωn) =
1
2N
∑
kbξ
[
(iωn + ε˜
b
kξ)(iωn + ε˜
b
k−qξ)−∆bkξ∆bk−qξ
][
(iωn)
2 − E˜b2
kξ¯
][
(iωn)
2 − E˜b2
k−qξ¯
]
[(iωn)2 − Ωb2k+][(iωn)2 − Ωb2k−][(iωn)2 − Ωb2k−q+][(iωn)2 − Ωb2k−q−]
, (17)
where ξ = ± and ξ¯ = −ξ. The denominator in Eq. (17)
is equal to the product Db(k, iωn)Db(k − q, iωn).
The above expression for Λ0(q, iωn) reduces to the
2D expression in Eq. (13) for εbck = 0. In contrast
to Eq. (13) the momentum integral also includes the
kz- direction in Eq. (17) . In the above expressions
for Λ0(q, iωn) we have neglected terms ∼ |εbck|2, |εbck|4
in the numerators since they influence only the amplitude.
Now we discuss the numerical results for the expected
QPI spectrum calculated with Eq. (17). It turns out that
the influence of the c-axis dispersion in the bands is of
little importance due to the smallness of tbc in the present
case of SrPtAs. Although small differences in the 3D QPI
contribution of each individual kz slice are present, the
integration along kz smoothes the differences to the simple
2D case described by Eq. (13).
We first consider the normal state whose two cuts of
spectral functions (2D) are shown in Fig. (1). Particularly,
in Fig. (1.b) the Fermi surface is plotted for kz = pi/c
with the typical characteristic wave vectors denoted by
q′i (i = 1−6). The normal state DOS at the Fermi level is
74% of band-3 character [3]. The QPI should therefore be
dominated by this band. Indeed this is found when con-
sidering the individual b = 1−3 contributions in Eq. (13).
The two main features in Fig. 3(a) are a large central ring
and touching arcs around the zone boundary (K) points.
The ring is due to q′3 and q
′
6 scattering (Fig. 1b) inside
and between band-3 sheets (the dashed arrows are folded
back into the first BZ). The arcs are due to q′4 type scat-
tering between different band-3 sheets. When the voltage
increases the ring shrinks due to the hole type bands. In
addition linear features perpendicular to the hexagonal
sides appear. They are due to a continuum of q′3-q
′
6 scat-
tering with the result of the averaging over the different
kz cuts.
The superconducting candidate states have very differ-
ent nodal structure (Fig. 2a-c) and therefore also different
quasiparticle equal energy surfaces and associated charac-
teristic scattering wave vectors qi (i = 1− 8) (Fig. 2.d-f).
This leads to three distinct QPI spectra for the gap can-
didates shown in Fig. 4. They also exhibit a considerably
different behavior as function of bias voltage or frequency.
A few characteristic wave vectors qi associated with the
equal energy surfaces in (Fig. 2.d-f) can clearly be seen in
the QPI spectrum of Fig. 4 for low frequencies. In par-
ticular the faint rings with q1,q2 due to the small b = 2
band are now visible in Fig. 4(a.a) and (b.a) because the
contribution of the b=3 band is mostly gapped out for
A1g and A2u. For Eg in Fig. 4(c.a) however the different
node structure leads to particular scattering wave vectors
p-4
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Fig. 4: (Color online) QPI spectrum (average) for the three
gap candidates A1g (top row (a,a-c)); A2u (middle row (b,a-c)
and Eg (bottom row (c,a-c)) for three frequencies. The char-
acteristic wave vectors qi of the equal energy SC quasiparticle
surfaces in Fig. 2d-f can be identified in the structure of some
QPI spectra.
(q4−8), on b = 1 sheets. In principle, q7,8 resemble the
normal state q′1,2. For larger ω they also appear for A2u
in Fig. 4(b.b-c). At still larger ω = 0.075 some features
of the normal state QPI at q′3 reappear in Fig. 4(a-c.c).
Also the scattering between different b = 3 sheets perpen-
dicular to hexagonal BZ directions appear in the Eg QPI
of Fig. 4(c.c).
To summarize we have presented the QPI theory in
Born approximation for hexagonal pnictide superconduc-
tor SrPtAs. Its main hole band can be clearly identified
in the normal state QPI. In the superconducting state the
three candidate gap functions proposed in Ref. [3] show
different types of equal energy quasiparticle sheets lead-
ing to three distinct QPI pattern and bias voltage depen-
dences. Therefore a detailed experimental investigation of
QPI in SrPtAs should be able to discriminate between
the theoretically proposed gap symmetries. This is par-
ticularly desirable because recent NMR and NQR experi-
ments [4] suggest a fully gapped spin singlet state.
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